Phospholipid matrix as a target for sulfur mustard (HD): NMR study in model membrane systems.
Although the interactions of sulfur mustard (HD) with nucleic acids and proteins have been well studied, the toxic interactions with the membrane matrix and specially the phospholipid bilayer have so far been poorly investigated. We have used several NMR techniques to study these interactions: 1H NMR to observe the localization of HD in membranes of small unilamellar vesicles (SUV) of lecithin; 31P NMR to verify the hypothesis of pore formation in membranes of large unilamellar vesicles (LUV); and pseudo solid state 31P and 2H NMR to analyze the dynamic consequences of the presence of HD in multilayer dispersions of dimyristoylphosphatidylcholine (DMPC). Immediate and late modifications of the DMPC-HD complexes have been observed at the macroscopic and microscopic levels. After intoxication, HD is spontaneously incorporated into the membrane and locates at the level of the chain methylene groups. This incorporation occurs without formation of pores in the membrane. The presence of HD in the phospholipid dispersion differentially increases the membrane fluidity depending upon the level involved. Weak at the superficial level (phosphate group), this increase is dose-dependent on progression into the membrane. This increase is related to a lowering of transition temperature when measured at the chain level. Macroscopically, HD induces dose- and time-dependent modifications of the DMPC-HD complexes, leading to the formation of an optically transparent gel. This gel formation is confirmed at a microscopic level, where all structures disappear after intoxication.